We h a v e measured the neutron structure function g n 2 and the virtual photon-nucleon asymmetry A n 2 over the kinematic range 0:014 x 0:7 and 1:0 Q 2 17:0 b y scattering 48.3
GeV longitudinally polarized electrons from polarized 3 He. Results for A n 2 are signi cantly smaller than the p R positivity limit over most of the measured range and data for g n 2 are generally consistent with the twist-2 Wandzura-Wilczek prediction. Using our measured g n 2 we obtain results for the twist-3 reduced matrix element d n 2 , and the integral R g n 2 xdx in the range 0:014 x 1:0. Data from this experiment are combined with existing data for g n 2 to obtain an average for d n 2 and the integral R g n 2 xdx. We h a v e measured the neutron structure function g n 2 and the virtual photon-nucleon asymmetry A The deep inelastic spin structure functions g 1 x; Q 2 and g 2 x; Q 2 , which depend on the Bjorken scaling variable x and the virtual photon four-momentum squared ,Q 2 , provide insight i n to the internal spin structure of the nucleon.
A large set of data for g 1 now exists for the proton, deuteron 1,2 and neutron 3,4 . These data have been used to test the fundamental Bjorken sum rule, and within the framework of the quark-parton model QPM, to measure the quark contribution to the nucleon's spin. The g 2 structure function contains contributions from both the longitudinal and transverse polarization distributions within the nucleon. It is sensitive to higher twist e ects such as quark-gluon correlations and quark mass contributions, and is not easily interpreted in the QPM where such e ects are not included. However, by interpreting g 2 using the operator product expansion OPE within QCD 5,6 , it is possible to study contributions to the nucleon spin structure beyond the simple QPM.
The OPE allows us to write the hadronic matrix element in deep inelastic scattering DIS in terms of a series of renormalized operators of increasing twist 5,6 . The leading contribution is twist-2, with higher twist terms suppressed by p o w ers of 1=Q. Keeping only terms up to twist-3, the moments of g 1 and g 2 at xed Q 2 can be related to the twist-2 and twist-3 reduced matrix elements, a j and d j 6 , term which arises from the transverse polarization density in the nucleon, h T x; Q 2 . However, this term is suppressed by the ratio of the quark to nucleon mass m=M in DIS 8 and will be neglected in this analysis.
The structure function g 2 x; Q 2 m a y be expressed in terms of two measurable asymmetries, A k x; Q 2 and A ? x; Q 2 , corresponding to longitudinal and transverse target polarization with respect to the incoming electron beam helicity, g 2 x; Q 2 = F 2 x; Q 2 1 + 2 2x 1 + Rx; Q 2 y 2d sin
where E and E 0 are the incident and scattered electron energies, is the scattering angle, = 2 Mx= p Q 2 ,y= E , E 0 =E, d = 1 , 2 , y=y 1 + Rx; Q 2 , and ,1 =1+2 1+ , 2 tan 2 =2. Fits to existing data were used for the unpolarized structure function F 2 x; Q 2 10 and for Rx; Q 2 11 , the ratio of longitudinal to transverse virtual photon absorption cross sections. At small scattering angles, the term A k sin is small, and consequently the dominant contribution to g 2 comes from A ? .
Spin dependent DIS can also be described in terms of the spin asymmetries A 1 x; Q 2 and A 2 x; Q 2 for virtual photon absorption. The asymmetry A 2 x; Q 2 is bounded by the positivity limit jA 2 x; Q 2 j q R x; Q 2 , and like g 2 The target was a 30 cm long, thin-walled glass cell containing approximately 10.5 atmospheres as measured at 20 C of 3 He gas. The helium nuclei were polarized by spin-exchange collisions with rubidium atoms that were polarized by optical pumping 14 . The system was designed to allow continuous pumping of the target polarization in the longitudinal direction only. Therefore, to obtain transverse polarization, the 3 He spins were rst pumped to a longitudinal polarization of 48 and then rotated to the transverse direction using two orthogonal sets of Helmholtz coils. In the transverse orientation, the polarization decreased to 33 over a period of 24 hours, at which time the target was re-polarized. Approximately 7 10 6 electron events were recorded during two cycles of transverse running.
The electron beam was produced in 250 ns pulses at a rate of 120 Hz, each containing approximately 3 10 10 electrons. The average beam polarization was measured to be 0:826 0:023 using a M ller polarimeter 15 , and the helicity of each pulse was chosen randomly to reduce helicity-dependent systematic errors. Scattered electrons were measured using two independent spectrometers at scattering angles centered around 2:75 and 5:5 , and the asymmetry A ? was calculated as where N + and N , are the measured electron rates for positive and negative beam helicities corrected for detection e ciency and normalized to the incident charge, P b and P t are the beam and target polarizations, and f is the dilution factor which corrects for electrons that scattered from materials in the target system other than 3 He.
Our measured asymmetry included not only DIS events, but also pions misidenti ed as electrons, and electrons produced in charge symmetric hadron decays. The rates and asymmetries for these backgrounds were measured and used to correct A ? . The asymmetry was also corrected for internal 16 and external 17 radiative e ects. Uncertainties in the radiative corrections were estimated by v arying the input models over a range consistent with the measured data. Finally, a neutron result was extracted from A ? by applying a correction for the 3 He nuclear wave function 18 and using g W W 2 obtained from a t to existing proton data 1,2 for g p 1 .
Results for A n 2 and g n 2 from both spectrometers are given in Table 1 The combination of g 1 and g 2 in the above expression e ectively cancels any twist-2 components allowing us to look for a net twist-3 contribution to g 2 . The matrix element w as calculated using our g 2 x; Q 2 data and a t to our Table 2 , and while the data are consistent with zero, the precision is insu cient to rule out models which contain signi cant t wist-3 contributions.
From the OPE it is not possible to obtain an expression for the j =0 moment of g 2 . H o w ever, Burkhardt and Cottingham 25 have derived the sum rule R 1 0 g 2 xdx = 0, which i s v alid to rst order in pQCD 26 , using dispersion relations for virtual Compton scattering. To e v aluate the integral, the g W W 2 expression in Eq. 2 was used to evolve the twist-2 part of our measured g 2 to a Q 2 of 3:6 GeV c 2 assuming g 1 =F 1 is independent o f Q 2 and tting our g n 1 data as before. At large x, w e see from Eq. 2 that g W W
2
, g 1 and we therefore assume that g 2 The Q 2 evolution and high-x extrapolation do not contribute signi cantly to the integral and the uncertainties in these quantites are included in the error. Combining this result with data from SLAC experiments E142 3 and E143 12 yields a result of 
